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INTRODUCT ION

This report presents the results of step=by-step solutions of
the equations of motion derived in Reférence 2 for the two forms

of attachment under consideration,

The first method, esingle-joint attachment, contains three degrees
of freedom, namely, a motion of thé bomber accompanied by a roll and a
pitch of the fighter relative to the bomber, The second method, two=
Joint attachment, prevents pitching motion of the fighter relative to
the bo]per,‘ thereby removing one degree of freedom and simplifying the
amount of labor required for solution of the equations.

From the resultant eecillations so determined. the wing tip loads
are c\aleulated, using the equatiom given in aerg'rence 2 , and ‘the
~loads form the baaia_ for the structural modifications necessary as
‘ahéw»r;min Réference 3, and thei-efore. the feasibility of the coupling

scheme,

Ns-1-72
Rev. 2749
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SUMIUARY
A. 3ingle-Joint Attachmepnt:

1, The resultant oscillations have been calculated for a
symmetrical gust disturbance giving rise to pitching motion of the
bomber and the fighter, énd roll of the fighter relative to the
bomber, Detailed calculations are shown in Table I and the time
history of the acceleration, velocities, and displacemenf.’a plotted

in Figure 3 . The wing tip shear loads accompanying this disturbed
motion is given in'Figure 3,

2, Similar calculations have been made for an anti-
symnetrical gust disturbance, causing roll of the bomber and rolling
and pitching or the righter relative to the bonber. The results of
these calculations are shown in Table II , and Plotted in Figure 4
The wing tip shear leads sssoeiated with this form of disturbance
are plotted _againa't time in Figure 4,

3. The yawing motion has been calculated for a side gust
disturbance acting on the bomber tail, causing yawing of the conbinﬁtion,
and yawing of the fighter relative to the bomber. Results are given
in Table‘ III, and the ‘uotion Plotted in Figure 5 , Wing tip loads
are plotted in Figure 5,

$-1-72
Hev. 2749
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B. Iwmo-Jolnt Attachment:

l. The resultant oscillations have been calculated for a
symmetrical gust disturbance/ giving rise te pitching motiom of the.
combination, and roll of the fighter relative to the bomber, Détnj_.;pd
calculations are shown in Tab¥e- IV  and the time history eof the
displacements, velocities, and accelerations pletted in Figure 6,
The wing tip shear lqo.da and torgional moments referred to the fighter
center of gravity position t}nt‘gccqnh‘w this disturbed motion is
given in Figure 6,

2. Similar ealculations have been made for an anti-symmetrical
gust disturbance, causing rol}-w¥ the combination and roll of th§ fighter
relative to the bogber, The results of this calculation is présented in
Table V , and plottéd in Figire 7 , The wing tip shear loads, amd
torsional moment, referred to'the fighter center of gravity position, -
associated with this form of disturbance are plotted against time in
Figure 7, |

3., The yawing motion has been caleul ted for a side gust
disturbance acting on the bomber tail, causing yuwing of the combination
only since ‘t’he‘ fighter is locked to the bomber for yaw. The results
of animlytioal solution sfe plotted in Figure 8 and the wing
tip loads u‘\uoc‘iated with this disturbance in Figure 9,

$=1-72
RV, 2V
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Stngle<Joint Attachment | Two~Joint Attachment
| Shear Load | Occuring Seconds | Shear Load | Time | Torsional M | Time |
oy After Start 2
[Disturbance | 4 |  Ses, | 4 Sec,| ft.-dbs, | Ses, |
Piteh  l-255 | o2 408 a8 - 2528 0.18
‘Roll 185 | 2.0 612 00 zmo | 2.9 |
Yaw Spanwise . Q.25 Spanwise 1.00 . | -; -
2000 1 36 - e N P .
{Chordwise | 0,30 | Chordwise | 0,30 | == | a= |
2200 = T 2986
1

. ® Includes 1000 Drag Force of F=-64 Airplane
From the regsults of the calctlations mede in thri_.s report, the following pre-

lizinary design loeda ‘are recommended fnr the purpoce of etrensing tke wirg ‘strue=

tures. These design lesds in round numbers are ultimste (Factor of 1.5 ireluded) -

— Prep |

and are believed to be of the correct order ‘of~mugn1tuc:éx.

X. VERTICAL $HEAR .
= 2500 y

AX. CEN A &
T =000 :

MAX. JAWING MOMINT = 85000 fr. L8~
For single-joint attachment, the pitching momest is null and the yawing mome ot 1s

reduced to two-thirds of ths valug shown above.

. S~1-72
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LIST OF SYX (1S AND CONFTICIDNTS

The standard definitions and symbols used in asrodynamics have been
retained in this report, The XYZ axes with origin at the center of gravity
of the bomber sre a set of orthogonal axes fixed to;thq body of the bomber;

the xyz axes witﬁ origin at the center of gravity of the fighter, fixed to-

the body of the fighters,

m s mass of the fighter air.lane, slugs

I - Polar moments of inertia, slug - rt.2

Subscripts with capital letters refer to the bomber
lower-case letters to the fighter

k = radius of gyration, ft.

R = Bomber wing - semi-span, ft.

e}
1]

/Fightér wing - semi-spap, ft.

ay Distance from flapping axis of the figh;er to the 1ift

vector of the fighter wing, ft.

A z Distance from bomber pitching axis (c. § .) to the

fighter pitching axis (the joint hinge), ft.
¢ = Distance from fighter pitch axis (hinge) to c.g. of

fighter, ft.

- &r.s
d s Distance from MACenter of the fighter wing to fighter c.g., ft.
ly = tail length of the fighter,—£t
g = roll angle of the bomber wing-plane from horizontal

plane of the space; axes, rad.

p = flap angls of the Fighter wing-plane from the bonber .

wing-plane, rad. (relative coordinate)

»

8 = pitch engle of the bomber wing-plane from the horiaontnl
plane of the space axes, rad,
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{ = pitch angle of the fighter wing-plane from the horisontal
7 plane of the space axes, rad.

'\y * yaw angle of the bomber wing from the vertical plane XZ
of the space axes, rad. i

Y = relative yaw angle of the fighter from the bomber, rad.

Z L= Summation of incremental fighter wing 1ift caused by
disturbod motion, 1lbs.

ELt = Summation of incremental fighter tail 1ifts caused by
disturbed motion, lbs.

B ™ External rolling disturbance on combination, ft. 1lbs,,
Ly’ "= External roiling aisturbarce on *fightbrhbeu%—biﬁeo,}ttflh&‘

-H%L = External pitching disturbance due to anti- ayuotric guat.
on fighter, ft. lbs,

Mo " Bxternal pitching disturbance on combination, ft. lbs,

M, = Externsl pitching disturbance on bomber, ft.'lbs,

My - ® External pitching disturbance duo to symnet.ric _gust on
' fighter, ft. lbs, =~ \

L2 - = External rolling diat.urbance on f‘ightor,&t 1bs.
ocourring with pilch motion.

=
o
(1}

External yawing disturbance on combination, ft. lbs.

L2
[and
"

External yawing distubanco on fighter ft. lbs.

Ip-“ . Fightex' fueelage pitching moment due t.o;anglo o!' attack
change, ft lbs./rad

S =z l’-‘ighter wing-areu, i‘t.2‘

v z Léve_l f‘ligh’c' speed, ft./sec.

%l' B Dynamic pressure, 1lbs./sq. ft.

$ * 2 Contrél deflection, rad. (NACA conventior*:»f signa)
k - = Auto-pilot rate control ratio

K L =_7 Auto=pilot diapla’cement*oontrol ;-atri&
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Subsoripts:.

B t - tail

Jv wing

& - elevator f - flsp

8 - alleronsa

etc denote partial differntiaiion with

Subacripte 9>, O’F >~{3 , 0, & e
respect to the variables, as L¢ i Lé etc., ete, *—— -Q—E—- e{c.,oto.
—= é—? &-F

Positive direction for angles, velocities and accelerations, and distances of
: ! . %

W&Hﬂd&&ated in-Fig. 1 which siows schematically the two proposed-

methods of coupling considered,

$-1a)as
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Figure 1 Planform - Proposed Coupling Schemes 1
Figure 2 Gust Disturbance Shages Used In Step-by-Step Solution
of Equation of Motion 52
Figure 3 Time History of ¥otion and Loads During A Pitch Disturbance
Single=Joint Attachment 53
Figure J, Time History of Motion and Loads During A Roll Disturbance
Single=Joint Attachment 54
Figure 5 Time History of Motion and Loads During A Yaw Disturbance
Single-Joint Attachment ) 55
Pigure 6 Time History of Motion and Loads During A Pitch Disturbance
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) Attachment , 58
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Disturbance = TwoaJoint Attachment 59
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Step-byrStep Solution of Equations of Motion
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Yaw Motion

Calculation of Vertical Shear Load at Joint
Single~Joint Attachment - Pitch Motion

Table VIIT Caloulation of Vertigcal Shear Losd at Joint
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Singleq olnt Attachment - Roll Motion

Caloulation of Vertical Shear Load and Tarsional Moment
at Joint - Two-Joint Attachment - Pitch Motion
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at Joint - Two~Joint Attachment - Roll Motionm
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BQUATIONS OF NOTION

A. Sinele~Joint Attachment:

The derkration o the equations of motion is given in Reference 2—.
and the results repeated here for the values of the mass and geometric

parameters as follows:

Iy = 1000 x 10% slugs-ft.2
] '= 45344 s8lugs

A = 3.25 ft.

¢ g o5912 ft.

r s 18.3 ft.

kx = 5.61 fto
Iy = 18,59 x 103 slugs=rt,2

a = .2217 ft.

I = 1712 x 103 slugs-ft.?
Rer = 90 ft,

Iges = 2712 x 107 slugs-ft.?

kg = 8,36 ft.

.1, Pitch Disturbance

a) Pitch of B-503

[—l\ 53,713 D2 = (36,377 = 61,412 kg) D + 61,412 x,‘]gs

+[2009.58 2 + T3.37D 4 108.30 | @
+[107423 Dz +* 7.36n D + 8‘312-—-1 O(, - 4 "o X 10-3 e o ® o ¢ @ (1)

S-1-72
Rav. 2149
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b) Flap of F-B4t -
]:i65.49 D% + (118.49 = 172.9 ke = 112.56 k,) D - (172.9 xe + 112,56 x.)] P
+ [' 26.966 D2 [ 417024] o

[ 4905307 = 20725 D =230 [ ¢ w Lx2070 ... .. (2)

e¢) Pitch of 2‘-64:
[ 427302 - (25389 - 176,97 kg) D + 176,97 K | [*
+ [sam20%4 suas | e
[18.753 0%+ 20203 D4 1281 Jo¢ ¢ lx 207 oL ... . (3)
2. Roll Disturbance
a) noil of B-501
[9.056,n2+ 8.065D | #
[1 516 D%+ (1,076 = 1.701 kg = 42251 ko) D = (1.701 Kg + 42251 K,)]F
- ‘[.,2039n+ 23, oa]oc, ‘2 Lgx 1070 1.493 ( z¢f5 P s PP
'b) Flap of Fe84s
[7.58 DR 44503 n] g+ [1.655 D24 (1185 = 1.729 ke=1,1256 kg )=(1.729Kq +

o s

ny

: [.,20'71 D+ 23.037]0(_ = Ly x 107 = 7,47 ¢’2‘3 e oo e (5)

-3-1-72
RV, 2/ 49 .
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c) Pitch of F=843

[2100 D'+74.9 D]
+ [4723 D f(ggaq—-r/e 9GRe)D —176.96 Ke_g?

~ Eg sC‘s‘ D422l D H1ET6 Jo = M X6 ~24, nza})rﬂ(s)

3. Yaw Disturbance

a) Yaw of B=503
[4.457 D+ 0.5% D +4778 %
e ' -G
+ [1.542 0+ 0,0134D +0.2596 18 = Nox10 . . ... =

b). Yaw of F-BA relative to B=501
[o.w% D7'+o.olaq!ou +o.lzﬂﬂ‘{»

+ [0.18% D +0.00696 D+ 0.1298] 8 = Ny 105 .. «(8)

B. Iwe~iolat Attschment

The equations of ;ct.ion have been derived in Reference 2 fer the
case of two-joint M;tnch-ent, and they are repeated below for the same
v;llues of mass and geometrie pnran‘tters considered previously for the
single-joint attachment,
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1. Pitch Disturbance

a) Pitch of the combinations

[1.0506 D™+ 76283 D12 lﬂoﬂe [oezab *obbﬁ(ob uazq({] (5
R I N

b) Flap of the F-84s

L6571 D+ Ligy D—lo'93}<][3 - 139 D‘T.zosj'Dﬂ‘(.lﬂ@

T SRR«

2+ Roll Disturbance

a) Roll of the B~503

[40930" 743D ] +[1 524 Dt .4us74 D-10782 &(]F

= L% 10 +\L\<{5(c}> (s)[)

b) Flap of the F-84s
[1.51% D+ 4,203 D]d'-) + Jles7 5y \.l84’D~\OC11l<]P_
= L, X100 = T7.47G d?"‘s PRI « -

3. fu Disturbance

a) Yaw of the combinations

5$-1-72
Rev, 2,49
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GUST DISTURBANCES

The equations of motion of the two proposed'coupling schemes are given
in terms of the external disturbing moments, Mg, Lo, 1;1, etc. (Eq. 1 - 13),
These externsl disturbing moments are manifested prin;arily in two ways;
through abrupt or pre-set deflection of the various control surfaces, or

through atmospheric gust comditions,

For the numerical calculations performed in this report, it is assumed
that the external disturbing moments ere functions of various gusts of different
intensity and direction. Subsequent caicula’t'ions will show the offect of
various control surface deﬂe?tion histories upon the resultant oscillatiers
and loads,

A. Pitéh Wotden

The type of gust assumed for the ease of pitch motion is showmn
in the following sketchs

257sec.

R
~o'sec. [t 1 A | 11 1 1 lofsec
U e = AR o ——efm- 2R ]

F-84 SPAN B-50 SPAn i
where the maximum value of the up gust (25'/sec.) is constant aleng the

B=50 span, and the maximum value of the down gust (10'/sec.) is constant

along the 2~F-8/-wing spens,

_ 3=1-72
Rev, 2/4%9
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The form of the gust assumed is given by the equation

{

and is shown plotted :l_n Figure 2 . The maximum value of Z is ,0368

and oecurs at t = 0.2 sec., Therefore, the gust on the bomber is

= e 4"”@—@"51‘) = 579 X s

Bo> 038

The .gust on the fighter is

O FT/
= - — - =2 SeC.
’\71;_ i N | '(ZX EC

The eorresponding increase in angle of attack of the B~50 and the F-84 iss

| ,-.-L.P_'\ - 617 X _ 1642%
Ao'I"B-fso Vv 440 54

V2R e X
N i =i
& F-84 i 440

The disturbance moments ares

Combination Pitch (Two=Joint)s
| (M)
?Vq { = \ A7 ({3 %
o aOLJB'So ob F 34

l

M = [=am78x10%%1512 +(=0s2qLx16 Vo) [ &2

Q?‘) , Rer.2))

Mg = —I| 576! x:o‘”( FT- 1835,
Bomber Pitch (Single-\‘l'oint): y

\ &'50

M= —1 4414 x10° X Fr-Lbs,

§-1-72
Rev. 2/49
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Fighter Pitch (Sinrle-~Joint):

0ln 4G
M= %Sc P0G A Bt o4

My= (1935 Yalo) Q2 03] (220 ) o1 X)
M,= 332200 E(; FTLes,
Fighter-Flapping (Single<Joint):

e () 55 2 bty
- (5 .Zzbj Qé'j’ S\@-buﬂ)(\z q b)/\" 66X )

| = —15T3x0° X Fr-Lbs,

B. Roll Hetion

The roll disturbance is assumed to be caused by an anti-symmetrical |

gust having a maximm value of 10'Bec. at the fighter wing tips as shown
\C;[SExlf,i—f””‘*”’,"”l

P______Z(Q.f ) SR -

Roll of Combination:

in the sketch belows

The maximum roll disturbing moment is
—45pG g0

S-l=72
Rev. 2/49
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Prom Reference 1 , page 10 , Clp = - 6124

Loy ae = 1035 12240 x2ld 5 x(=612u) % 12 x>

MAX- O

e e SO0 ¥10° FT.-LBs.
MAYX

‘Roll of Fighter:

The maximum roll moment due to the disturbance on the F-8/ airplans
about the attachment hinge is

1N\Ax \"" CF Qe
Lw?‘_a—%z qnft; |Rer.2 ,Pg. ]
\“*“?' = —92.9| Xl03 5 = -21.%5x10° LBs.
440
G = \762 FT. LReF 2, 3. 3
Max. GUst Naweiy z(lo)

. = =,.093
CP = b/ 214.5
Therefores
= <2195 x10° (7. 62)( 093
L= s (ra o)
3

| MAx
Pitch of Fighter:

The pitch moment due to the anti-symmetric gnst is difficult te
eveluate, It is assumed that the nsutral point ef the F-84 airplane is at
e34 MAC for the C.G. location of .28 MAC,

$-1-72
lov. 2749
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Therefores | |
Mlmxé q‘}Sc, %%q ' dF
le——ﬂ 'ésx(o Quq )= ve)( ocm

Mi == O\o( XIO FT.-LBS.
MAY .
The form of the gust is assumed to be that shown in Figure 2

plotted as a function of time. Therefores

ko™ — O;q; 0% X = —1%,204 0 X__ FT.-LBs.
(%=}

| = - 368 00 X =- P3.oq3x0 o X -FT-LBS.

| 02D

£
.QOlMD = 24, 4gy x10 X FT--LBs.
M= o368 (103K .

C. Yaw Motion

The yawiﬁg motion is assumed to result from a side gust of 50" /sec. acting
at the tails of the bomber and fighter., The form of the gust satisfies the

expression

\J=-2508" Q-éd}

and is plotted as a function of time in Figure 2 . Therefore, the various

disturbance moments in yaw ares

5-1-72
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B~50 Yaws
No~ 45,5 @) ey
‘B-
-2t
NO = \03 S x 200 x 2. 308" S‘ 2 = "ZZ"O Q“ )]

Np= —2:535 % Toxs [e'at (zae{zt)] FT -LBS.

F-€4 Yaws
o v N\ , .U.
NPT ). 20 ST | R
| qg t?-w\'&x')\lﬁ 34 {-;' X % t
= 1035 <35 2051 0 6 “EL (-]
N="0737HD . -_Zt]FT—'LBS

Combination Yaws
N 2 = N O+ ?-' Nl

N, = —2.6%24 [e Q ‘Zt]x\o@’ FT.-LBS.



mepPe LI @ FIVEY /T X Report No._IPR-¥F905-103
CORPORATIOV Page No__ 2K

Date__ July 18, Jo49

The time history of the resultant escillations may be ‘cemputed from
the gust dist?rbames by solving the system of simultaneous differentisl
squa.tions derived in Reference 2 and given in this report. Since an
annlytiical solution appears to be time-consuming, a step-by-step aol}ztion
was resorted to, The basic equa‘iom of the stép-by-step solu’t.ion,' uniné '

the variable #f as an example, ares _ -
.y o+t :
q)’" C?'n—t C'\)’“"
5 Ry 1“
é‘}~d€ —M#' At*fm-\ﬁt
D = Py e

Hence, the values of the displacement and velocity are dependent upon the

value of the acceleration Which may be determined at every interval of time,
The calculstions have been performed for the case of3

A = 3,25 Ft, k, = K, = 0

¢ = '.5912 Ft. kg = 0.1 Single<Joint
K =' « 1,0 (2=joint) Ke ‘= 0°63 |

The equations of motion becomes

5=1-72
Rev, 2/49
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Pitch of B=501 '
Esyp 0 -2%00bY Lok > + [1004, 52D+ 71337 D +{0820) ©

[ D300 D 332 ol = = by 10" Lonl).

Flap of F-84s

[\69#‘( 6+ oL2e D= ‘?.lﬂ]lﬁ ‘i‘[—’lb\c\uﬁbt“"-&\ll\’]e
| .
+[F4.905 D—20m5 D o= — 57305 =L

~(15)

Plteh of F-BA:V
[— W D.‘gr 2.308 D+¢§.300ﬂ&” + L a2 D+ 20424 6]_9

+ 18753 D+ 2\.7_\3D+\‘L‘8~7C\]o< =32 82F - (36)

i

Dividing Bquation 14 by 103 and rearrangings |
1,009 6 = .053713 ? . 00D T A .- - --(27)
Dividing Equatit‘m 15 by 10° and rearranging
—.2bqbl e"+l.<asﬂ\3"—-\0‘%€{o¥o£' S B - 2 2 = == oo gind

and rearranging Equation 163

812 © —Lp.’]}(! +IB3IS3KX =C - o= - 2 L - (20)
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Where:

A= —Lbuiy X 030 (%' — ook -3 G- 0836~ 0oLl - 38320¢
\

B=—1573 Z—|. on? +.0S! rr*rﬁHTzHG4- WS+, oi}oc,

i
€ = 2 %‘LX%aw@-J.a\(s 2.474¢ 9 1[11306 12879 oL

Solving for '8“ » ote. , ete,

17— - .053713 .0017423]
| 146549 - 204905 |
c S = 4273 18,753
e.‘ : h = )O‘bc.,otc.
1,0096 = - 053713 o0017423
{-e26966  — Teb89——= 04905 |
8712 - 4273 18.753
(& = .988974 « ,032885B + L0001788C .... .. (2)
W(a" s L1625 A + 61363 B ¢ L0062 G ... .(22)
L o = = +009374 « ,1383B 4 ,053678 G- - .---(23)

Table I presents the numerical step<-by-step calculation and the results
T N g :
1 B \J
of tha ,conpufc.ation are plotted in Figure 3,
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2.-.'; :
The equatioms of motion for the roll become:

~ ~—Rell of B=50s
[4.o560" +8:0b5 D] + [i516D . qooD—os'oﬂf
) (24)

—[20390 -;23.025]oc= -13. 204X Hh4q3 c?(a

————— e e

 Flap of Fe841
U% Dz+’+ 503 D] cp + [1655 D 4o D—, ogm}

— [uﬂ( 01—430%7]04" \T‘.‘)\K"_f'-ﬂ(a? ‘

(25)
Piteh of F=8.3
-1i8. 595 D 4202 D+ 12876 ot =24434 K "
- n % {5
Rearrangings |
9,05 # 4 1.516?." * — N

758 ¢.\'.+ 1.6550%" s Bl
2.0 ¢ + 42130718595 2 G
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Wheres
b o 2504 X - b ¢ -—Ao{af (os:oaﬂ‘mc?(w- Lﬁar )r
#2508l & 20290
B =

: __.’d“.—n( 'X_._L\ 557 c‘;'-— \.olTLE' +(.0'5l87-—'?~‘ﬂ(9?1)r

T2 - 23.93L

RTINSl E IR LI +(9~304~24.—nd§“)(>
) S TR AR A Y = E

Solving for ¢ , etc,

P = 4733 Ay = 4336 By (27)
P = 2,5900 B = 2.1679 Ay (28)
. [

of ' s 03664 A3 + ,1053 B - .05377 ) (29)

|

Table II presents the numerical até&:-by-e_‘bep calculation, and the
results of the cemputation are plotted in Figure 4.

3. Yaw_Motion

et

The equations of the yiw motion becomes

B~50 !na ; |
{34575 ro s D44msdy + 152D, ;10,034 D+ 02 FL ]X,_
R Sbi‘\&e- E3S {| e } .

§-1-72
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Wheres

.Al s —|8.504 X - %.o{;s* ? ——&\OL[&' +(, 05’!03"&-2.‘1’8&?'(5' +\,qqaf?‘){
+23.08¢ +.20%90,

B oz —43 L —Y.50? cﬁf——\.onE‘+(.o’5\37—'2&‘19?'1)r |
TN (- 23, 057L

o "i*'ltg%’*‘X"wf‘*‘?"“"md" ; ¢(,5-3.0.i~2q.11 c%‘) F |
4+ 202V el

Solving for § , eto.

4733 rxir - o4336 Bl (27)

=
P-. = 2.5900 By = 2,167 &) | (28)
("3 03664 A + .1053B) - 05377 Q) (29)

Table II presents the numerical step-by-step calculation, and the
results of the cemputation are plotted in Figure 4.

3. Xaw Motion
The equations of the yaw motion becomes

B=50 Iav.i
[4.?97 D +o.5nD+ynsy + [ s‘n{D +0.029Dt 0'1(‘3‘ g;fhf
| = —uys et [I-e T

$-1-72 -
Rev. 2/49
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F-BL Yaws » -
(L8 D +.0bq4lD mm]\{» +11230 D +.00b4LD +.1298] 8
: gt o :
= "\Q"I’QE’,5 Il"eﬂ] - - -~<?’D :
These ;quationa may be rearranged to
9957 YTe 1542 B s A (32)
<768 \% + 083 ¥ = By (33)
Where1

P XAl (S B S A A e e ¢
B = —o7H) e:'b’c L\‘ e‘“]—.olgql, \f _‘\qu(,—:ooé,%}g —.\11&@1
Selution of (32) and (33) yleldss

\“ = 23l A —1474 By (35)

%= 15098 By—l2oko Ay (34)

Using these equations, a step-by-step analysis was made, Table III
shows the calculations performed and the results are plotted 1in Figure 5,

B. Imo~Joint Attachment

1. pRitch Metion

‘ For the case considered, the pitch equations fer the two-joint
attachment becomes

$-1-72

Rav. 2/ “a
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Pitch of Combinations

jﬁosobb 4233 D 121403 16- [aan™ Tobbﬂ(on tmui]g&

- | Tl Y -

Flap of F=8.3 - _
TLosTiD + 1134 D+ 10.93]p — L3 D 209D +27.13) ©
| .
=—1502 X (37)

These equstions of the form

1.05069 - 06307 & A
- ,3191 & + 1.65715 = B3

1
{

l

6283 8 -~ 2,1903 8 4 .oﬁﬁaﬁf - A:ui}

1.1841 (5 = 10.93(3 + ,2059 ' + 27,13 @

Ay s - 23%T

- 15,73 %

-}
W
1]

i

Solving for ® and P

‘—3 (= 0%23
B3 1.6571
0 3w 8 9411 A3 4 ,035 By (38)
1.0506 = .0623 |
- .3191 1.6571
1.0506 ‘LB @
- .3191 B3
= = .1812.43 4 ,5967 By (39)
Y : 1,0506 = ,0623
- 3191 1,657
$-1-72
“Rovi 2149
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For the step-by=-step computations of Table IV , the values of 13 have
been multiplied by 16,039 and the values of B3 by 4.857. The corresponiing

values for the accelerations ares

' = ,0587A + ,00729 B (40)
&3" = L0113 A + 5967 B (4)
There: A = 16,039 A3 , B = 4.857 B,

The resulting motiocns are plotted as a function of time in Figure &,
2. Boll Motion
The equations of motion for the two=joint attachment, using

K @« =1, become:

Roll of B-503
[‘(.04,3 D +7.422 D] TS D +.445)D 1-!0.']573‘3
= —12.80L{X +I-L(Cf5<1c}y{‘5'+r-x){> 42)

Flap of F=84:3
[7.96 074 4.353D] +[1.esID +1134 D+ 10.72](5

(43)

= =90t X =467 c?‘(a

\$=1-72
Rev, 27149
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These equations are of the foras

9,093 f + 1.524 o oy (44)

7576 7 4 1657 B = B (45)
l

Wheres

A, = — 1334 TN~ 4497( (\0751-2 mow—\“‘is(ﬁ")(’
B, = —4NUNE-Y. 3936{ -t \3%(5 QO’W-ﬂ 467 ‘? )P

Solving Equations (Uo) and (45):

Ay 1,524}
B 1,657
¢“ s etc,
9,093 1.52%
T.576 1,657

g

4706 A, = 4328 By (46)
Ss" ® -2,1516 A ¢ 2,582, B, (47)

Table V presents the numerical step-by-step calculation and Figure 7
shows the resulting motion of the airplanes, -

5-1-72
ROV. 2749
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3. Xam Motlop
The equation for yaw becomess

]‘_\Q.n.bﬂ-‘r SND 4 MS]Yp =T 224 &t [\__e—ﬂ:}

The nccelerati on' is

.

V= —osat —masy =[] e

Table VI presents the numerical solution for the motion plotted

in Figure g,
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DEIER'INATION OF LOALS A7 JOINT

-

The joint loads are determined by obtaining the equilibrium of the
forces, (aerodynamic, external and inertia), and the moments acting upon
the F-8/ airplane, This implies that the loads on the B=50 airplane are

egqual in magnitude, but of opposite sign,

The loads may be classified ass
1. Single-'Joint Attachment
a) A vertical reaction force, Rpy, acting at the hinge
location for roll and pitch motionms, 7
b) A horizontal reaction force acting at the hinge
location for yaw motion, consisting of a spanwise component, Ryﬂl, and
a chordwise component, Rpuz.

2. Two~Joint Attachment
a) A vertical reaction force, Ri?', referred to the
CsGe position, 28 c,of the fighter airplane for roll and pitch motion.
b) A horizontal reaction force referred to the C.G.
Wposition, «28 c, of the fighter for yaw motion consisting of a spanwise
-component, Rgm, and a chordwise eomponent, RpHZ.
©) A torsional moment, Mp , referred to the C.G, position
+28 ¢, of the fighter airplane for roll and pitch motions, |
d) A yawing moment, My, referred to the C.G. position,

+28 ¢, of the fighter airplane for yaw motion,

5-1-72
Rev. 2/49
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A. Single~Jolnt Attachnent

1. E 1 Ec !! MOthB

The wvertical reaction force is given by:

Q_}: Yv\r ——YY\(CC)(. +Ae") - M[LE sm() rwmlcx TA9Y s
— Z (bt Le)— L X g gq

Substituting the values of the constantss

Ry~ 0% map +3.20| r-.zm ~ 2247 "m{ﬂ—.lt,m“
BARELT- AR A8 Qm% &S oL = 14D

22200 § +14748 Skl +78, mo’z.]w (49)

The numerical calculations for the pitch reaction force are given

in Table VII, and the results pletted in Figure 3,

2. RBeoll Motion

The vertical reaction force in roll is given by:
Re,=mpn +m(Rin) & +MR {/5 —~ ‘iCLwﬂt) SR (s0)
N | \ e |

Substituting the values of the constants and equivalentss:
R, O [>b3p +4. 651(«.—215 + 4o s ?'xzs qxgcy

LAY PP )1 128080 TS K] )
The numerical calculations for the roll reacti-n force are given in

Table VIII, and the results plotted in Figure 4,
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3. Mot io

The yawing loads imposed by the motion can be expressed asi

Sparwise Force 1 91: e MY [ By + Q*Hl; e U —‘€G4-3
H, RN

Chordwise Foroet EFH Z - (Q*h}‘\{.v” —WRB . - - &9.‘5)
1

Substituting the knewa values of the coefficients:

Rr, =10 [b313Y" +4o. %OLY‘] AP 7

\

Rey, = —10° (40800 r229787] ... - - ()

The numerical calculations for the yaw reaction forces are given
in Table VI , and the results plotted in Figure 5,

B. Iwo~Jolnt Attachmenk
l. FEltch Moment

e) The equation for the vertical reaction forece in piteh

for the two=-joint attachment is:

Re, =W RP"-w(c+A\ g'— i(‘-—w"’l.t)“i';{: SRR ()

Rry = 10 [B U T 0.2 + qT3p- MG~ 5y
~150.47 8 rE. X | - . sy
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b) The equation for the torsional moment referred to the 0 g A8

center of grayity position of the F-84 1s;

Mrp =Ty 0= SLo d ¥ 2l & Mg 8 Mo ov - - 69)
My = \0? Ly%.S‘O‘Se”Q 0418 + U860 +. @ p — 1200 3"
i +13.7.4(’7—-3?>\%7_X:\.c---.-.,.P.(s-q)

The numerical calculations for the pitch reaction force and twisting

moment ere given in Table IX and the results plotted in Figure 6,

2. Rell Motlop

a) The equation for the vertical reaction foree in rell for

the two=joint attachment 1s3

‘or substitutings |
Re? o> Iumq %; +1540 c{: + 8-2%“" +65 571 P + 91.73(“ 9+.1\XX. : (q)

b) The equation for the torsional moment referred to the C.G.

of the F=84 is;
e
M= —llodlde - 2% oo (e
where: X 1s static margin of F=84 a8 = 443 fto

or substitutings

My =102[2.493 ¢~ H.4lo '+, bod g—2. 130 '+\w+1(>-24.0ﬂ11.\(&j|

The numerical calculations for the roll reaction force and torsional

moment eare given in Table X = end the results plotted im Figure 7,

$-1-72
Rev. 2/49
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3. Iam Motion

a) The equation for the reaction forces associated with the

yawing forces arej

2.

Spanwise Forces EFH, = ‘(h}l.("‘,‘) ST (64)

Chordmise Forces EFH = Wn}\.}" - mm = =~~~ (65)
1

R, T 10 [8 7Y - 0)
!

Ry 2 10 3] - -

b) The yawing moment, referred to the chordwise position of
the center of gravity of the F=84 is

M,i_rwtmf"- T ).

The numerical calculation for the yaw reaction forces and moment
are given in Table XI and the results plotted in Figure 9.

§=1-72
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